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S coot 0#WO &ai U. Il.. experimental conditions, which are defined by the flow velocity, applied current, and 3-MT concentration, polymer fibers were obtained at a linear growth rate of -1 cm/hr and at -80% current efficiency. In contrast, oxidation of 3-MT in stagnant solutions, or at rotating disk electrodes [2] , resulted in the deposition of a thin film (<1 },im) on the electrode surface. The dependence of the shape of the fiber and the rate of fiber growth on the electrochemical and flow parameters indicated that coupling of hydrodynamic forces in the flow cell, with the chemical kinetics of monomer oxidation and oligomer deposition, defines the necessary conditions for fiber growth [1] .
In the present report, we describe related investigations concerning the synthesis of composite polymer fibers comprised of either poly(3-MT) or polypyrrole [3, 4, 5, 6] and nonconductive Kevlar or polyester strings. In contrast to the single-phase poly fibers, which are extremely brittle and mechanical weak, the composite fibers exhibit excellent mechanical properties, while maintaining the electrical conductivity and electrochemical properties associated with thin films of poly(3-MT) or polypyrrole. In addition to this imjrovement of the materials properties, the methodology we have developed for preparing composite fibers also provided a 30-fold increase in the fiber growth rate.
Experimental. Poly(3-MT), polypyrrole, and composite fibers were grown under galvanostatic control in the flow cells shown in Fig. la and b . Construction of the cells have been described previously [1, 7] . The anode and cathode were platinum wires with diameters of 127 p.m and I mm, respectively. The flow cells were oriented vertically on the lab bench, and solutions containing the monomer and a supporting electrolyte were pumped into the cell through the entrance port near the anode. Volumetric flow rates were varied between 10 and 50 ml/s using a centrifugal pump (Cole -Parner, model 07002 -60). The Pt anode was encapsulated in glass with -1 cm of the wire extending past the end of the glass insulation. This e'ectrode was positioned in the center of the capillary, -5
cm from the entrance port.
The flow cell shown in The non-conductive strings were attached to the tip of the Pt anode using a non-conductive epoxy (Epoxi-Patch, Dexter). Oxidation of the monomer at the anode resulted in growth of the polymer onto and along the non-conductive fiber.
The conductivity of the fibers was measured using the 4-point probe method.
Electrical contacts to the polymer fiber were made using silver epoxy. Scanning electron microscope images were obtained using a JEOL 1 840 electron microscope operating at 10 kM. Cyclic voltammetry was performed using a EG&G PAR model 173 potentiostat and model 175 programmer.
3-MT, pyrrole, sodium polystyrenesulfonate (Na+PSS'), sodium dodecyibenzenesulfonate (NaeDBS'), tetrabutylammonium p-toluenesulfonate (TBA+TS") and sodium polyvinylsulfonate (Na+PVS") were purchased from Aldrich and used as received. Bis(triphenylphosphoanylidene)ammonium polystyrenesulfonate (PPN+PSS") was prepared by metathesis of Na+PSS-and PPN+C[" (Aldrich), washed with deionized water and dried under vacuum. Kevlar (Goodfellow Co., 70 filaments with a filament diameter of 0.0167mm) and polyester strings (0.1 mm diameter) were used without pretreatment.
Results.
Polypyrrole and Poly(3-MT) Fibers. We previously reported that 10 cm long poly ( 2xe" + 2xH+) in CH3CNiTBAP solutions. However. polypyrrole fibers of macroscopic dimensions can be readily synthesized in an aqueous solutions containing Na+PSS" as the supporting electrolyte. An optical photograph of a typical polypyrrole(PSS-) fiber, grown at a current of 1 mA and a flow rate of 15 cm/s in an aqueous 1% Na+PSS" solution, is shown in Fig. 2 . As with the growth of poly(3-MT) fibers [5] , the deposition of polypyrrole occurs at the end of the growing fiber, resulting in a fiber of uniform diameter.
However, for the same applied current, polypyrrole fibers tend to grow at lower linear growth rates but with larger diameters than poly ( 
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The flexibility of the resulting composite was qualitatively tested by making a 1800 bend in the string, and examining the string for cracks under an optical microscope.
Composite fibers obtained from CH3CN/TBA+TS" solutions using Kevlar strings could be repeatedly flexed without any noticeable cracking. Images of the cross-section morphology of Kevlar/polypyrrole fibers prepared using TBA+TS" as supporting electrolyte (Fig. 4a) show that the polymer phase undergoes plastic deformation when the fiber is cut with a razor blade, consistent with excellent flexibility of the fiber. Other fibers, including the Kevlar/polypyrrole composite fiber prepared from aqueous Na+DBS-solution and shown in Fig. 5b , display smoother and sharper cross sections, indicative of brittle fracture. Table I Although ohmic distortion of the voltammetric waves produces a large separation between the anodic and cathodic peaks as compared to the voltammogram of the corresponding thin film (Fig. 6b) , the steady-state voltammetric response qualitatively demonstrates that the fiber undergoes a chemically reversible oxidation and re-reduction. The voltammetric wave is centered at --0.4 V (vs. SCE), in reasonable agreement with the redox potentials reported for thin polypyrrole films in aqueous solutions.
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